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20031 33969 

ppiinniupP 

2429-300415RU/092 

IIJIAHAPHAH AHTEHHA 

M3o6peTeHMe othocmtch k pawoTexHMKe, a mmghho k aHTeHHHM 
CMCTeMaM m MoaceT 6HTb McnoJib30BaHO b CMCTeMax cbh3m, 
pa.nMOJioKaiJ.MM m cnyTHMKOBoro TejieBM^eHMH . 

ruiaHapHHe aHTeHHH o6jia,ijaioT MajiHMH ra6apMTaMM m mnpoico 
Mcnojib3yK)TC« b pa3JiMHHbix ,miana30Hax bojih. 

B caHTMMeTpoBOM vl MMJUiMMeTpoBOM ,uwana30He nOJIOCKOBHe aHTeHHH 
MMeioT 6ojibmwe noojepw, nosTOMy **ame McnoJifa3yK)TCH aHTeHHH b BMfle 
pemea?oK M3 MeTajum^ecicMX bojihoboaob BHTeKaiomew bojihh. TaKMe 
aHTeHHH no3BOJiHK)T o6ecneywTb b sthx flwana30Hax Majine noTepw m 
pa6oa?y Ha jxsyx nojiHpM3auMHX [1] . K ^wcjiy He^ocTaTKOB stmx aHTeHH 
othocmtch onoacHan TexHOJiorMH M3roTOBJieHMH m 6o.nbnioii Bee. 

M3BecTHa aHTeHHa Ha ocHOBe miaHapHoro 

MeTajuiowsJieKTppiyecKoro BOJiHOBO.ua aHTeHHH c ueHTpajibHHM nnTaHMeM 
m M3Jiy^eHMeM no HopMajin, KOTopne o6ecnewBaKT pa6oTy Ha flByx 
nojiHpM3am4HX m CBo6oflHa ot ynoMHHyTHX Bbnne He^ocTaTKOB [2] • 
He^ocTaTKOM stoj* aHTeHHH ABJineTCH cpaBHMTeJifcHO He6ojTfaraaH nojioca 
pado^nx tiacTOT, He npeBbimaiomaH, KaK npaBJtno, HecKOJibKO npoueHTOB 
m oeycjioBJieHHan paccoiuiacoBaHweM no Bxo^y M3-3a pe30HaHCHoro 
(SperroBCKoro) oTpa^ceHMH « AHaJioriraHHM He^ocTaTOK np aHajiorM*3Ho£i 
npMtjMHe MMeeT aHTeHHa [3] , y KOTopoii k TOMy ace 6ojree cjioscHa* 
BByxsTaaKHaH KOHCTpyKUMH . 

HaM6ojiee 6jim3kmm aHajioroM HBJineTCH aHTeHHa BHTeKaromew bojihh, 
co^epacama* ruiaHapHHM .misjieKTpn^ecKMM bojihobo^ C ^ByxMepHOM 
peine tkok ^sjieKTppraecKMx M3Jiy^aTejieii w flByMH opToroHaJibHO 
pacnoJio^eHHHMM JiMHefiHHMM B036y,EiMTejiHMM r KOTopan MoaceT o6ecnetjMTb 



pa6oTy H.a ^Byx nojiHpj*3aiWHx [4]. He^ocTaTKOM stom aHTeHHH Taicace 
HBJTneTCH y3Ka* nojioca yacTOT, o6ycjioBJieHHaH pacxo^eHweM 
HanpaBJieHid* M3JiyqeHi4H bojih c opToroHajibHMMM noji*pn3amitfMM M3-3a 

^aCTOTHOrO CKaHPipOBaHMH . 

3axa*iev£ 3aHBJieHHoro W3o6peTeHHtf HBJineTCH co3flafme Ha 6a3e 
ruiaHapHoro MeTajiJiowsjieKTpiraecKoro BOJiHOBo.ua flByxnojiHpM3auwoHHOM 
aHTeHHH; pa6o*raiomeM b mwpoKOM nojioce yacTOT. 

TexHMqecKMii pe3yjibTaT .aocTwraeTCH TeM, vto aHTeHHa cojiepacwT 
njiaHapHKcw, MeTajiJiM3wpoBaHHBitt, no MeHtmeM Mepe, c o&Hoib ctopohh 

SMSJieKTpMijeCKMM BOJIHOBOfl, K 60KOBWM CTOpOHaM KOTOporO npWMblKaJDT 

flBa MeTajuiK^ecKwx BOjmoBOffa, CB«3aHHtae c xuia Ha p hum bojihobo^om 
**epe3 nepwowyecKyK) pemeTKy mejien, npw^eM nepwoA pemeTKK 
coaepsswT &Be mejiw, cflBMHya?ue mjim HaioiOHeHHHe OTHocwTejiBHo .iipyr 
flpyra. Ha noBepxHOCTM ruiaHapHoro BOJiHOBp^a b y3Jiax poM6w^ecKofi 
cgtkh pacnojTo^KBHBr w3Jiy*iaiomwe sjieMeHTbi, MMeromne flBe iijiockocth 

CMMMeTpMM • 

IIjiaHapHa^ aHTeHHa Moaeeo? xapaK0?epM3OBaTbCH TeM, *ito MMeeT 
$opMy poMGa. 

njiaHapHa^ aHTeHHa MoaseT xapaKTeppi30BaTbcn TeM, tjto 
Me t a juiKcue ckptm bojihoboji piMeeT np^MoyrojiBHoe ce^-reroie . 

ILnaHapHan aHTeHHa Moxei xapaKTepn30BaTbca TeM, mto 

MeTajumTjecKMe bojihoboot conpmcacaioTCH c ruriaHapHHM ' cbommm 

HIMpOKMMM CTeHKaMM . 

IlnaHapHaH aHTeHHa MoaceT xapaKTepn30BaTbCH TeM, vto 
MeTajuiM^ecKMe bojihobo^ conpnicacaioTc* c luiaHapHHM cbommm y3KMMn 

CTeHKaMM. 

CymecTBO M3o6peTeHi4H noncHneTCH Ha ^epTeacax, i\ue 
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Ha $wr . 1 nan o6mnw BMfl njiaHapHow aHO?eHHH no aaHHOMy 
M3o6peTeHMK); 

Ha $wr.2 noKa3aHa cea?Ka, b yanax kotopom pacnojiaraK)TCH 
M3JiyHaK)mMe sjieMeHThi; 

Ha $wr*3 noKa3aH roiTajomfcri* bojihobo^ co mejiHMM cbtom; 
Ha $nr.4 noKasaHa c$epwyecKaH cwcTeMa KOop^HaT; 
Ha $wr. 5 noKa3aH M3JiyT3aiomiiM 3jibm©ht ; 

Ha $wr.6 noKa3aHa ^acToo?HaH 3aBnciiMOCTb yrjia nafleHMH 
BOjiHOBoro ny^Ka; 

Ha $wr.7 noKasaHa yacToa?Ha^ 3aBMCMMOCTb yrjia w3Jiy*ieHHtf 
yrjiOMecTHofi iuiockoctpi; 

Ha $nr.8 noKa3aHa yacTOTHan 3aBMCHMOCTb yiuia M3Jiy^eHMH b 
a3MMyTajibHoi4 iijiockocth; 

Ha $Mr.9 noKasaHa 3aBJ4CHMOCTb yrjia Meamy Ma KcuMyMaMM 
warpaMM HanpaBJieHHOCTM juix *pa3Hbix KaHajiOB b 3aBMCMMOCTM ot 
yaca?O07H; 

Ha $wr. 10 noKasaHa HopMMpOBaHHafl .miairpaMMa HanpaBJieHHOcTM 
aHTeHHbi b y37jioMeca?HOii itjiockoctw npM siccnoHeHUPiajibHOM 
pacnpe^ejiemm b anepType; 

Ha noKasaHa HopMMpoBaHHafl warpaMMa HanpaBJieHHOcTM 

aHTeHHH b a3MMyraJibHOPi iuiockocth npn SKcnoHeHUPiajibHOM 
pacnpe^ejieHKM b anepa?ype; 

Ha $nr.l2 noKa3aHa HacTOTHan 3aBMCMMOCTb ypoBHH Kpocc- 
noji«pj43auMM ; 

Ha $wr.l3 noKa3aHH ^aca?oa?Hbie 3aBMCMMOCTM Kraia .ryiH «Byx 
pa3Hbix pacnpeflejieHMii b anepType aHTeHHH. 

OSmwM BMfl 3aHBJieHHoii aHTeHHbi noKa3aH Ha $wr . 1 . AHTeHHa 



coctomt M3 cjie,uyK>mnx sjieMeHTOB: 

- IlHTaiOmHM BOJ1HOBOJ5 1; 

- riMTcLBDmUM BOJIHOBO.il 2; 

- nJIOCKMJ* BOJIHOBOfl, o6paSOBaHHi^ flM3JieKT P MWeCKOii miaCTMHOii c 
OflHOft MJIM BByMH MeTaJIJIM3MpOBaHHfc!MM IIOBepXHOCTHMW; 

peme-rica MSJiy^aromwx 3Jie M eHTOB 3, oCpasoBaHHtax 

HeOflHOpOflHOCTHMM H3 nOBepXHOCTM «M3JieKT P MKa (MeTaJIJIM^eCKMMM MJ1K 

BMSJieKTpwyecKMMM) MJiM Ha Meiajuie (b Bwe ro$pa, mejieii m T.n.) . 

IUlOCKlrti BOJIHOBO* (nB) MMeiOT $0 P My P OM6a . OTMeTMM, <iTO OH 

MoaseT MMeTfa m Bpyryio $opMy. 

Ha $nr.2a noKasaHa poM6nvecKaH cea?Ka, b ysoiax Koa?opoi* 
pacnojiaraioTCfl MSJiy^aromMe sjieMe hth . Ms pucyHKa bmoto, hto b oOmeM 
cjiy^ae ynma HaKJioHa bojihoboaob othocmtsjibho fl eKapa?oBHx 
ko op bmh a thhx oce* vl yrjiH HaKJioHa jimhm« ceTKM He psbhu hyjhd k hb 

paBHH flpyr apyry . 

BoJiHOBOflM 1 m 2 o6ecneH*iBaiDT B036yameHne nB m pemeTKM Ha ero 
ocHose, KOTopaa npeo6pasy€T flByxMepHH* bojihobo* ny^OK b bojihh 
wsJiyneHw* CBofioflHoro npoco?paHCTBa . Cb«3b BOJiHOBoaa c nB 
o6ecneuMBaeTCH c noMombio cmctsmh oTBepcTMfi vum me-neii, 
BunooiHeHHHX b iroipoKoii vum ysicoft CTeHice BOJiHOBo«a , KOTopue 
pacnojiararoicH b o6jiacTM CTHica bojihoboaob 1,2 c nB. Bojihobo* c 
jiMHeiiHOM: pemeTKoii mejieii noKa3aH Ha $nr.3. 

B o6me M cjiyvae pasMepei mejiew m mx cMemeHMe ot ocm BOJiHOBoaa 

MOryT MeHHTbCS BflOJIfa BOJIHOBOfla. BOJIHOBOfl MMee* C oaHO» ctopohm 

$jiaHeu flJiH coewiHeHMfl c BHemHMMw ycipoiicTBaMM, a c apyroii 
CTopoHU pa3Memaeo?CH coiuiacoBaHHaa Harpy3Ka. 

PaccMOTpMM pa6oTy aHTeHHH b nepenaBDmeM peaome. Co6co?BeHHa« 



BOJiHa BojiHOBoaa, npo6era« bbojib pemeTKM mejieii B036yayjaeT mx, a 
mejni, B cboio caepeflt, BosSyamaioT ochobhyk) Bojray nB, K oropafl 
HBJi«eTC« T-BOJiHoft c iioctohhhoh pacnpocTpaHeHM* paBHofi k-Je , 

k - BbjiHOBoe yMCJio CBoboflHoro npocTpaHCTBa, as- OTHOCMTejibHaH 
W!3JieKTp*raecKaH nporoiuaeMocTb nB. Earn* TOJimriHa IIB BtiSpaHa b 

COOTBeTCTBMM CO CJie,ItyioncHM HepaBeHCTBOM: 

h<-—=, (l) 
24s 

VRB h - TOJimMHa nB, a X - tfJIWHa BOJIHbl b cbo6oahom 

npocTpaHCTBe, to b nB MMeerrca owa pacnpocTpaH^romaHca BOJiHa. 

nocTOHHHan pacnpocTpaHeHna np*MoyrojibHoro MeTajunwecKoro 
BOJiHOBOfla Yw onpeflejifleTCH cjiejoymmMM cooTHonieHweM : 



me a - pa3Mep nropoKOM CTeHKit BOJiHOBoaa. H3BecTHO, hto 
JmHeHnafi pemeiKa MoaceT nsjiyvaTb Ha pasHbix npocTpaHCTBeHHbix 
rapMOHKKax <DjioKe. nocKonbiey BOJiHa b BOJiHOBoae *BJi*eTCH obicTpoii 
bojihom, a nB MMsei flH3JieK<rp*P3ecKoe 3anojiHeHMe, to M3JiyysHMS b nB 
MoxeT ocymecTBJi^TtCH Ha HyjieBoii rapMOHMKe. B Toace BpeMH rjih 
npaBHJibHoft pa6oTbi aHTeHHbi M3JiyyeHne sojekho nponcxo,miTb Ha MMHyc 
nepBoa rapMOHMKe . ftn« ycTpaHeroiH M3JiyveHne HyjieBofi rapMOHMKM 
«JiOKe mejm pacnojiarajoTca b maxMaiHOM nopaflKe. TaKoe pa3MemeHwe 
mejiei* npwBOflMT k flonojiHMTejibHOMy $a30B0My c«Bnry mejiei* paBHOMy 
7V , KOTopbiM SKBMBajieHTeH yBejnraeHwio saMejyieHMH bojihm BOJiHOBoaa Ha 

BejmwHy — — , rae P w paccTomuie Meamy meji«MK (cm. $nr. 3). B 



pe3yjibTao?e BtiOopoM jjaHHoro paccTOHHMfl mu yca?paH^eM He»:ejiaTejibHoe 
M3Jiy^eHMe Ha HyjieBow rapMOHMKe w ocTaBJineM MCKOMoe M3Jiy^eHMe Ha 
MMHyc nepBOpfc rapMOHMKe. B pemeTjcax c nocjieflOBaTejibHHM roiTaHMeM 
M3BSCTeH 3$$eKT pe30HaHCH0F0 OTpa^KSHMH 9 KOTopufi Ha6jno,uaeTC« 
Kor^a nepwofl pemeTKM KpaieH nojioBWHe juehhh bojihm b BOJiHOBO^e . C 
KpyipoPL ctopohh, M3Jiy^eHwe M3 BOjiHOBO.ua Ha MMHyc nepBow rapMOHMKe 
bo3mo;kho o?ojibKO npM jiocTaTOMHO OoJibmMX nepwoflax. IIOSTOMy 
paccTOHHMe Meamy meji^MM one.nyea? BH6npaTb M3 HepaBeHCTBa: 

o<^r-rw<rpw. 

IIojih, B036y»y5eHHbie pa3HHMM mejiHMM ^opMwpyjoo? flByMepHHM 
bojihobom ny^joK, KOTOpbiM pacnpocTpaHHGTCH b njiocKOCTM XOy. Yroji 
Mew HanpaBJieHweM pacnpocTpaHeHM^ ny^JKa vl ocbio Ox (B036yac,naeTCH 
BepTMKajibHbiii bojihobo.ec) M05KH0 3anwcaTb cjie < uyK>nmM o6pa30M: 

r „ \ 



q>l = arcsin 



y pw 



-q>, (3) 



r^e (p - yroji Me^y^y bojihobo^om vl ocbio Oy. 

Pacnpe^ejieHwe nojin b HanpaBJieHMM opTororiaJibHOM HanpaBJieHmo 
pacnpocTpaHeHMH ny^Ka npeMMymecTBeHHo onpeaejineTCH napaMetrpaMM 
mejieBOM pemeTKM. HanpwMep, ecjui Bee meju* b Hefi ojmnaKOBbie, to 
aMiuiMTyflHoe pacnpe^ejieHMe wMeea? SKcnoHeHixPiajibHbiM xapaica?ep. flejian 
meJiM pa3Hb3MM f moecho M3MeHMTb aMn jm Ty j^h o e pacnpe^eJieHwe, b 
yacTHocTM , npw6jiM3MTb ero k paBHOMepHOMy • PacnpeaeJieHwe nojin 
B,aojib HanpaBJieHMH pacnpocTpaHeHMH nyyica MMeeT xapaKTep 6erymei5 
bojihh. 



IIpo6eraH B^ojib sjieMeHTOB pemeTKM, nyqoK B036yacuaeT mx h 
co3,EcaeT M3JiyHeHwe b CBo6o,HHoe npocTpaHCTBO. HeTpytfHo BweTb, *jto 
b o6meM cjiy^ae ny*iOK pacnpocTpaHneTCH no« HeKOTOpHM yrjroM k 
jimhmhm cea?KM, b y3Jiax koTopoii pacnojiaraiOTCtf M3Jiy^aa?ejiM pemea?KM 
($wr. 2) . M3Jiy^eHMe M3 IIB b cBo6o^Hoe npocTpaHCTBO Taicace mcwkho 
onwcao?b b t epMMH a x npocTpaHCTBeHHbix rapMOHMK • Pa6o\n*M .iyin jjaHHofi 
aHTeHHH pe^cMMOM HBJiaeTCH M3Jiy^eHMe Ha MWHyc nepBoft rapMOHwice. 
flji* TaKOM pemeTKM Taicace HMeroTCH orpaHMyeHMH aHaJiorn^HHie 
orpaHM^eHMHM bjih bojihobojjhoSi pemeTKM: 

7t 2tv 

y pw y pw 

XapaKTepwcTHKM M3jnyHeHMH y#o6HO npejiCTaBMTb b c$epM^ecKoii 
cwcTeMe KOopflMHao?, noKa3aHHOM Ha $wr. 4. Yroji 0 - yroji MecTa, a 
yroji (p - a3KMya?ajifc>HbiH yroji. HanpaBJieHMe M3JiyTjeHPiH M3 pemeo?KM f 

coBna^aiomee c Ma kcmmymom warpaMMbi HanpaBJieHHOCTM aHTeHHH 
3aflaea?CH yrjiaMH 0 m vi <p m . fljia npaBmibHoro $yHKUMOHiipoBaHMH 

aHTSHHbi yroji <p m aojiaceH 6biTb 6jtm3ok k 45 rpa,nycaM. B stom cjiy^ae 
a3MMyTajit»Hfcie yrjiu M3JiyyeHHH npM B036y»meHMH no o6omm Bxo^aM 
OKa3biBaiOTCH 6jim3km .npyr k jipyry b ciuiy cwMMerprai aHTeHHbr. B CMJiy 
a?ofi »ce cMMMeTpwM yrjiH MecTa Ma KCMMyMa i*3Jiy*ieHMH y o6ohx KaHajioB 
coBnajxaioT . 

Bjim3octe> <p m k 45 rpa,EcycaM o6ecneyMBaeo?cH cnem*ajibHMM 
BHQopoM napaMeTpoB BOJiHOBO^a, mejieBofi pemeTKM n M3Jiy^aiomeM 
pemeTKM Ha ocHOBe IIB. IIpM6JiM»:eHHO pa3Mep mwpoKOM ctshkm 
BOJiHOBo^a a vl nepwofl i*3Jiy*iaiomeii pemeTKM Ppw moskho nojiy^MTb M3 
cjiejiyiomMx $opMyji-: 
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a = 



TV 



p = 



f 



7t 



\ 



cos(^>) + sin(^>) 



In 



ek 2 - 



p 



B 

v-- + 



cos(a) - sin(a) ^ 



cos(^?) — sin(^>) 
cos(a)-sin(a) 







2\ 




f '] 








J 



l + tg(<p) 
1 - tg((p) 



npw 9tom mh o6ecne^MBaeM M3jiyHeHMe no o6omm KaHajiaM b oahom 
HanpaBJieHMM b HeKOTOpoM ,m<iana30He qaco?OT. 

npM 3TOM yrOJI 0 m 3aBMCMT OT tjaCTOTH. OflHaKO TaK KaK OH 
OjmHaKOB flJIH 060MX KaHaJTOB f TO 3Ta 3aBMCJ4MOCTb He npHBOflMT K 

pacxoayjeHmo Jiy^efi b npocTpaHCTBe . 

BauKHoft xapaKTepMCTMKofi aHTeHHH HBJiHeTC* nojiHpn3auwH 
M3Jiy^eHM^. HopMajibHbiM pe^cMMOM paSoTH 3aHBJieHHoro yca?powcTBa 
HBJineTC* pexMM M3Jiy^eHMH bojih opToroHajibHoi* noji*pi*3amtfw npw 
B036y^eHMH aHTeHHH co cTopoHM pasHbix ee bxoaob. riocKOJibicy 
M3Jiy^aiomMM ajieMeHTOM HBJineTCH oTBepcTwe b Me t a JuiM^ec kom 3KpaHe f 
to onpe^eJiHiomMM $aKTopoM 3«ecb 6y«eT pacnpefleJieHwe 
3jieKTpMyecKoro iioji* pi cooTBeTCTByionpix eMy MarHMTHHX tokob b 
OTBepcTMM. <DopMMpoBaHwe nojiH b M3Jiy^aiomeM 3JieMeHTe no*CH*eTCH Ha 
$wr. 5, Ecjim OTBepcTMe MMeeT KBa,DtpaTHyK> $opMy, to npw 
OTHoeMTejibHO He6ojibm*ix sjieKTpM^ecKwx pa3Mepax oho o6Jia*aeT 

CBOflCTBaMM^ 6JIM3KMMH K CBOftCTBaM CKaJIHpHOrO W3Jiy^aTejI* . 

XapaKTepHofi yepToii TaKoro w3JryHaTejiH HBJineTCH to, ^to 
nojiHpw3am** ero M3Jiy^eHMH noJiHocTbio onpe^ejineTCH yrjiOM na^eHMH 
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B036yac^aiomeM bojihh. 

Ha $wr,5 noKa3aHH rbsl cjiyya* B036yameHWH oTBepcTMH bojihhmh 

Eft m Ef2 • Ca?peJiKaMM noica3aHH HanpaBjieHMtf mx pacnpocTpaHeHMH . 
Ohm cooTBeTCTByioT HanpaBJieHMHM pacnpocTpaHeHMH bojihobhx ny^KOB, 
B036y»maeMHx BOJiHOBOjxaMn 1 vt 2 paccMaTpMBaeMoii aHTeHHH.; Ilojie b 
OTBepcTPiw mokho npeflCTaBMTb b BH^e BeKTopkow cyMMbi OTyx; mor E\ pi 
i?2/ KOTopbie nojiHoca?fc»io KfleHTM^HM flpyr J^pyry 3a MCKJno^eHweM 
opweHTamiM BeKTopoB ojieKTpwvecKoro iiojih, KOTopne. opToroHajibHH 
.Etpyr jjpyry. IIojiHoe noJie b oa?BepcTMM HBJineTCH BeKTopHoii cyMMoi* 
nojiew jiByx moe: 

rae a lf i - K03$$i4iweHTH Bos6y»weHMfl mor. K03$$Mm*eHTH 
B036y3meHMH nponopiwoHajibHH cKajinpHHM npoM3Be«eHMHM BeKTopa 
sjieicippraecKoro TOKa B036yamaK>meii bojihh (oh opneHTMpOBaH . Bflojib 
HanpaBJieHKW pacnpocipaHeHMH bojihh) vl bsktopob i?j w i?2 • HeTpyjwo 
yQeppiThCB., ^to b 3tom cjiy^aae cyMMapHHii BeK*rop sjieicTpiraecKoro 
nojiH b oTBepcTMM opweHTMpoBaH BjjoJib HanpaBJieHMH pacnpocipaHeHMfl 
na^aiomefi bojihh IIB . 

Ha $nr.5 bmoto TaioKe, hto b cmiy Toro, **a?o HanpaBJieHMH 
pacnpocTpaHeHMH ny^KOB B036yroaeMbK pa3HHMH BOJiHOBOjjaMM 
Heopo?oroHajibHH f to w BeKiopa b oTBepcTMHX HeopToroHajibHH. " OflHaKO 
M3 SToro He cjiejxyeT, hto bojihh cBo6oflHoro npocTpaHCTBa Taicsce 
6yjgya? HeopToroHaJibHO nojiHpi*30BaHH. flejio b tom, oto aHTeHHa 
w3Jiy^taeT non yiuioM k CBoeii njiocKOcm, a b stom cjiysae wix 
nojiyneHMH opToroHaJibHO nojiflpM30BaHHHX bojih b cboSoahom 
npocTpaHCTBe Ha^o raeTb HeopToroHaJibHO opweHTupoBanHHe 
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M3JiyxjaTejin Ha iuiockoctm • ^wcjieHHbie pe3yjibTaTM npeacTaBJieHHtie 

HMSCe nOKa3HEBaK)T f <ITO B «aHHOft KOHCTpyKUPOl nOJIHpM3aUMM BOJIH 
M3Jiy^eHMH 6JIM3KH K OpTOrOHaJIbHblM. 

B paccMaTpwBaeMoi* aHTeHHe cymeco?ByK>a? orpaHM^eHMH Ha bhOop 
napaMeo?poB. 0«ho M3 hmx CBH3aHo c ycjiOBweM OflHOBOJiHOBoro. 
pacnpocTpaHeHMH bojihh nB b jjByMepHoii pemeTKe. HecMOTpn Ha to, 

*iTO CaM TIB HBJI^eTCH OflHOMO^OBHM BOJIHOBOflOM f nepMOOT^HOCTfa 

CTpyKTypbi MoxeT. npMB ox&it t> k noHBJieHiiiD pacnpoca?paHHromwxcH bojih 
Bucmero Tuna. ycJioBMe oa?cya?ca?BJiH Taicwx bojih MMeea? cjieflyionpiii b^: 

r ^ \ 



2, 



P 



_L>i, 



A = A) cos(2a) - *r 0 sin(2a), /? 0 = Y pw ^<Pi )> *0 = T/w cos (^/ )• 
Yroji noKa3aH Ha $wr.26. . OTMeTMM, *ito BHnoJiHeHwe (5) 

BMecTe c (4) aBTOMaTMyecKM oBecnewBaeT oTcyTCTBwe no6oHHtix 
flw$paKamoHHhix MaKCMMyMOB b jswarpaMMe HanpaBJieHHocTM aHTeHHbi. 

Peajn43aimw naTeHTyeMoft aHTeHHbi npe,miieca?ByeT BM6op napaMeipoB 
mcxo^h M3 KOHKpeTHHX Tpe6oBaHjd4. 3asaeTCfl nojioca paSo^nx *iaca?oT, 
K03$$MUMeHT ycpuieHMH aHTeHHH. 3aTeM BH6PipaiOT .misjieKTpwK, Ha 
ocHOBe KOToppro BHnoJiHeH TIB, bm« M3Jiy^aTejiH r BH6npaioT nepwoa 
pacnojio»eHMH mejieft b Mea?aJiJi*raecKOM BOJiHOBOjge, pa3Mep mwpoKoi* 
CTeHKM BOJiHOBOBa, nepwo« n3JiyTjaK>meii pemeTKM M3 yanoBWH (4) , 
oSecne^MBaiomero M3Jiy*jeHMe no o6omm KaHajiaM b ojjhom HanpaBjieHMM m 
HepaBeHCTB, MCKjnoHaioiroix pe30HaHCHoe oTpaaceHwe oa? pemeTOK b 
BOJiHOBO^e vi b IIB/ wcnoJiB3y* Me^djiH pemeHMH 3JieKTpo^MHaMM^ecKMx 
sa«a^ m cooTBeTca?ByK>mee nporpaMMHoe o6ecnet*eHMe, BHOwpaiDTCH 
pa3MepH mejiefi, o6ecne*ii*BaiDiip*e Tpe6yeMoe aMnraiTyuHoe 
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pacnpeaejieHMe b IIB. 

PaccMOTpMM flajiee npMMep . KOHKpeTHoii pearoisauMM 
paccMaTpMBaeMoi5 aHTeHHbi. Hmce npMB orrtcr ee reoMeTpmjecKne m 
3JieKTpMqecKMe napaMeTpbi. 

Pa3Mep mwpoKoft cTeHKM BOJiHOBO^a a=14,3 

Pa3Mep ysKoii ctshkm BOJiHOBOfla b=8 
. nepwofl pa3MemeHM« mejieii b BOJiHOBO«e Pv=11 

IDMpMHa mejiM" b BOJiHOBOfle Wv=l 

fljiMHa mejm b BOJiHOBC-ae Lv=6.9 

CMemeroie me-rie* b sojiHOBoae oTHOCMTejibHO ueHTpa nmpoKofi 

CTeHKM Xo=2 

TojimwHa njiocKoro BOJiHOBona h=5 .5 

jjMSjieKTpMyecKan npoHMuaeMOCTb ruiocKC-rd BOJiHOBO.ua £=2.2 
IlepMoa pemeTKM b IIB Ppw~11.7 

Pa3Mepbi ctopoh KBajtpaTHoro mejiesoro M3Jiy^aTejiH W=6.2 

yrOJI HaKJIOHa BOJIHOBO^a OTHOCMTejibHO KOOp«MHaO?HOK OCM 9»=6 

rpafl. 

yroji HaKJiOHa jmHeeK pemeTKM OTHOCMTejibHO KOopBMHaTHOM ocm 
a = 6 rpa«. 

Bee pasMepu npMBeaeHbi b MMjiJiMMeTpax. rpa$MKM, npMBOBMMbie 
HMKe, nojiyyeHM b pesyjibTaTe wcjieHHoro MoaejiMpoBaHM* . flaHHaa 
aHTeHHa MMeeT cTporo nepMojpmecKMe pemeTKM mejieii KaK b 
BOJiHOBoae, TaK m b nB . 3to osHavaei, ^to aMiuiMTyflHoe 
pacnpeaejieHMe noJi* . b anepType aHieHHH MMeeT sKcnoHeHUMajibHO 
cnaaaiomMii xapaKTep KaK Bflooib jimhmm napajuieJibHHx BOJiHOBOfly, TaK m 
b opToroHajibHOM HanpaBJieHMM. HepaBHOMepHocTb aMruiMTy«Horo 
pacnpeaejieHMH npMBOflMT k CHMHcerono KOS^wqueHTa . McnojibsoBaHMH 
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ncmepxHOCTH (KPin) aHTeHHbi. MaKCMMajibHoe 3HayeHne no-repb Klttla npw 
SKCnoHeHUMajifaHOM pacnpejjejieHKW no o6enM KOopflMHaTaM paBHO 2 nE. 
Oho flocfrwraeTCH npw HeKOTopoM onTMMajibHOM 3HaTieHMM noKa3aTejia 
siccnoHeHTbi, KOTopoe M3Beco?HO b a?eopnn anepTypHHX aHTSHH . 
nocKOJitKy noKa3arreaiM sKcnoHemru (K03$$itmieH!EU 3aTyxaHMH bojih b. 

BOJIHOBOfle H nB) 33BHCHT OT tjaCTOTbl, TO MaKCMMaJIfaHtlft KMII 

flocTnraeo?cH Ha HeKOTopoii $MKCnpoBaHHOM lacTOTe. B flwana30He 
tjacTOT 3to ycjioBue He BbniojiH*eTc«, hto npHBcmiT k 
AonojiHMTeJibHOMy CHMaceHmo KMIIa. MMeHHO stot $aKTop, Hapawy c 
HepaBeHCTBOM (5), orparorewBaeT paeo^yro nojiocy lacioi aH-reHHu. B 
paccMaTpMBaeMOM npMMepe OHa paBHa .10%. nosTOMy see pactaeTbi 

npOBOflMJlMCb B 3TOM .flMana30He laCTOT . 

Ha $nr . 6 nonasaHa yacTOTHaa saBMCMMOCTb yrjia najjeHw* 

BOJiHOBoro ny^Ka. 

Ha $MKCwpoBaHHoa nacTOTe moxho Bbi6paTb KOHTyp IIB tskhm 
o6pa30M, *zto nyvoic pacnpocTpaHaeTca BflOJib ero rparam. npw stom 
KOHTyp MMeei $opMy pOM6a, a KPffl MaKCMMajieH. npn M3MeH€HHM 
qaccora yroji nafleHM* BOJiHOBoro nyyica MeHfleTca, ^to cHwacaeT 
s$$eKTMBHOCTb aHTeHHbi, nocKOJibKy npw otkjiohshmm ny*nca ee ruiomaab 
ncnojib3yeicH He nojmocTbio. OflHaKO b pa6o^eM roianasoHe taacTOT 
3tot s$$eKT npoHBJineTCH cjia6o, TaK kblk yroji naaemiH iieHaeTCH He 
Sojiee, yeM Ha 6 rpaflycoB. 

Ha $nr .7,8 noKa3aHH ^acTOTHbie 3aBMCMMOCTM yiuioB M3Jiy^eHMH b 

yrjioMecTHoi* w a3MMyTajibHoii iuiockocthx . 

Ha $wr . 9 noica3aHa 3aBMCMMOCTb yiuia Meawy MaKCMMyiiaMM 
,m*arpaMM HanpaBJieHHocTM win pa3Hbix KaHajiOB b saBMCHMOCTH ot 

VaCTOTH. 
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Ha $nr.lO,ll noKa3aHbi HopMwpoBaHHHe warpaMMH HanpaBjreHHocTH 
aHTeHHH b flByx opToroHajibHHx njiocKocT^x: yrjioMecTHofi m 
a3HMyTajibHoii npw 3KcnoHeHunaJibHOM pacnpeflejieHHM b anepType. 
06pamaeT Ha ce6n BHMMaHMe hm3kmm ypoBeHb Sokobhx . JienecTKOB b. 

OSOMX nJIOCKOC0?«X . 

yacTOTHafl saBKCMMOCTb ypoBHH Kpocc-noji^pwsaujiM, onpe^ejineMaH 
yrjiOM Meamy BeKTopaMM sjieKTpi/raecKoro nojin b jxaji&Heib soHe. npw 
B036yweHMM aHTeHHH c pa3Hbix BxoflOB, noKa3aHa Ha $wr.l2. 

HaKOHeu/ Ha $Mr.l3 npMBefleHH ^aacTOTHbie 3aBMCMMOCTM Kfflla mjisi 
MByx pa3Hbix pacnpe^ejieHMM b anep^ype aHTeHHH. KpMBa* 2 
cooTBeTCTByeT 3KcnoHeHunaJibHOMy pacnpeflejieHmo no. . bbym 
Koop,iiMHaa?aM. KpMBan 1 cooTBeTCTByeT paBHOMepHOMy pacnpe^eJieHino b 
b o jtho b ors m 3 KcnoHeHimajib HOMy b opToroHajibHOM HanpaBJieHMM. . 

nojiy^eHHHe pe3ynbTaa?bi cBMfleTejibCTByioa? .o tom, *jto naTeHTyeMan 
aHTeHHa no3BOJiHea? o6ecneynTb mwpoKyio nojiocy paSowix HacioT 
(okojio 10%) . IIpM 9tom mejiM b bojihoboa© Morya? SbPTb * BbinojiHeHbi no 
TpawuwoHHOM TexHOJiornw (MexaHMHecKan o6pa6oo?Ka) , a M3Jiy*jaTejin b 
nB c noMombio TexHOJiorMM neyaTHtix cxeM ($OTOJiMTorpa$MH c 
nocjieayioimiM TpaBJieHMeM) b cjiy^ae mejieBux vuw jieHTo^Hhix 
M3Jiy^aTejieM f a TaicKe npeccoBaHweM b cjiy^ae jciM3JieKa?pM^ecKMx 
n3jiy*jaTejieii. 
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#OPMyJIA H30BPETEHMH 

1. ILnaHapHan anemia, . coflepacamaa nJiaHapHbri* 
Mea?aJiroi3KpoBaiHHbi»,' no ueHbmeK Mepe, c obhoh cto P ohh 

roi3Jie.KTpMtjeCKMM BOJIHOBOfl, K 60KOBHM CTOpOHaM. KOTOpOI-O npMMHKaiDT 

flB a Me*ajuu«ecKHX BOJiHosoaa, CBKsaHHHe c njiaHapHHM bojihobobom 
nepes nepwoflMyecKyK) pemeTKy meoiei*, np*raeM nepwofl pemeTKM 
coaepacMT flBe mejin, cBBMHyTue mjim HaiaioHeHHHe . oTHOCMTejibHO. «pyr 
apyra, Ha noBepxHOcm luiauapHoro BOJiHosoaa b ysjiax poMOwreecKOM 
ceTKM pacnoJioKeHH MSJiy^aromwe 3jismshthi, MMemmwe we njnocKOCTM 

CHMMe TpMM . 

2. yCTpOMCTBO HO n.l, B. KOTOpOM IUiaHapHtDi BOJIHOBOfl MMeeT 

$opMy poM6a . 

3. YCTpOMCTBO no n.l, B KOTOpOM MeTaJUIM^eCKMe BOJIHOBOflH 

MMeroT npHMoyroJiBHoe ceveHwe . 

4. YcTpoMCTBO no n.3, b kotopom MeTajuwiMecKMe bojihobohh 
conpKKacaioTCH c njiaHapHbiM cbommh njupoKMMM cTeHKaMM. 

5. ycTpowcTBO no n.3, b kotopom MeTaJiJiMHecKiie bojihoboah 
conpMKacaroTCH c riJiaHapHHM cbommh y3KHMH cTeHKauw. 

6. ycTpoiicTBO no n.l, b kotopom . nJiocKwtt bojihobo* 
MeTajiroisMpoBaH c asyx cto P oh, a M3Jiy^aK>mne sjieMeHTH BianojiHeHH b 
BMfle KBaflpaTHHx mjim Kpyiumx o-rBepcTn* b orhoPl Ms Me<rajiJiM3am*ii. 

7. ycipoiicTBO no n.l, b koto P om ruiocKMM bojihoboa 
MeTajuiMBMpoBaH c obhom cTopoHU, a MSJiy^aiomwe sjieMeHTM BtanojiHeHH 
b BMce MeTajuiMsauMii, MMeiomwx KBaapaTHyro mjim Kpyrjiyro $opMy. 

no flOBepeHHOCTM 



300415 



1/9 



wn 

WH 



<3>HT, 1 



2/9 

Och KOopflHHar h opneHTaipia Hany^aiomux pemeroK 




.J aV^^^^ 





6 

Oht. 2 




Oht. 4 



4/9 



OpneimmHJi 3JieicrpiraecKoro nojM b rcjJiynaiomeM aneMeirre 



Ej2 



El 







> 


f 


=2 

E2 


/ 


I 

—5* 







=> 



7 



E 



E 



Our. 5 



5/9 

^aciOTHaa 3<ibhchmo ctb yrna nageHHg BOjmoBoro nynica 



9i> 
dcg. 




6/9 

HacTOTHaa 3aBHCHMOcn> yrjia iGJiynemm b yrjioMecraoH idiockocth 

T 




f ,GHz 
Oht.7 

q aCTOT Haa 3aBHCHMOCTE> yraa H3nyHeHna b a3HMyTajn,HOH hjiockocth 

T 




7/9 





#, cleg. 

a>ar. 11 




f GHz 



<E>ht. 13 



. ) I ' . .... 

16 
PE*EPAT 

M3o6peTeHMe othocmtc* k aHTeHHHM CMCTeMaM. TexHW^ecKMM 

pe3yjibTao?OM M3o6peTeHMH HBJiHeTCfl o6ecneHeHwe pa6oTH 

jaByxnoji«pM3auMOHHOM aH-reHHH, co3«aHHofi Ha 6a3e njiaHapHoro 
MeT$JUio,iW3JieKTpMHecKoro BOJiHOBOjja, b inwpoKOM nojioce yacTOT. 

TexHMHecKwfi pe3yjit>Taa? ^ocTwraeTCH TeM, hto aHTeHHa , coflep»^T 

ruiaHapHHM, MeTaJuiwsHpoBaHHHPi, no MeHbniei* Mepe, c o*HOii ctopohh 

WSJieKTpM^eCKMM BOJIHOBOfl, K 60KOBMM CTOpOHaM KOTOpOPO npMMblKaiOT , 

ABa MeTajuiM^ecKMx BOJiHOBoaa, cB*3aHHiie c ruiaHapHbiM bojthobo^om 
t3epe3 nepwoj^M^ecKyK) pemea?Ky me-neii. riepwofl pemeTKM - co^epacwa? flBe 
mejiM f c^BMHya?He vum HaioioHeHHbie othocmtsjibho flpyr. ijpyra. Ha 
noBepxHOCTM njiaHapHoro BOJiHOBOBa b y3Jiax poM6i*HecKoii ceTKM 
pacnojiosKeHbi M3JiyHaioim*re 3JieMeHTbi, MMeiomwe ^Be ruiocKOCTM, 

CMMMeTpMM. 
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